AIMS OF THE STUDY: Induction of labour after previous caesarean section (CS) is a challenge for obstetricians due to the increased risk of uterine rupture. Common methods for labour induction are balloon catheters and oxytocin as they are considered safe. However, the effectiveness remains unclear as currently available data are limited. Therefore, we aimed to determine safety and effectiveness of balloon catheter or oxytocin for labour induction after CS.
Introduction
The caesarean section (CS) rate is increasing. Several factors are contributing to rising CS rates with previous CS being important among these [1, 2] . The dogma "once a caesarean -always a caesarean" [3] existed in the 1970s, and public health authorities and obstetric societies tried to reverse the trend by promoting vaginal birth after caesarean (VBAC). These efforts led to a sharp increase in the VBAC prevalence to approximately 30% in the US in the late 1990s [4] . However, large retrospective studies have showed a small but significant increase in adverse neonatal outcomes and perinatal death in VBAC compared to repeated CS [5] . As a consequence, the VBAC trend reversed rapidly and VBAC prevalence has dropped below 10% in the US. Despite this trend, VBAC may be safe for many women and an individual risk-benefit analysis is necessary. This is particularly important if labour induction is performed as in case of approximately 20% of women attempting VBAC [4, 6] . This continuing debate is further heated up as the Royal College of Obstetricians and Gynaecologists and the American College of Obstetricians and Gynecologists disagree about the safety of labour induction using prostaglandins after CS [4] [5] [6] [7] [8] [9] [10] . Therefore, counselling our patients about labour induction and management strategies is difficult. Furthermore, patients attempting labour induction after CS should be offered not only a safe, but also an effective method [11] . In general, labour induction can be achieved by using several approaches.
Prostaglandins (PGE2) are an effective tool for cervix ripening and induction of labour. However, in the case of VBAC, higher uterine rupture rates compared to spontaneous onset of labour, amniotomy and/or oxytocin were noted [12] . Misoprostol is very effective, but generally contraindicated in women with previous CS due to a high uterine rupture risk. Given the higher uterine rupture risk, the use of prostaglandins for labour induction after CS is not used in our institution [7, 12, 13] . Oxytocin administration is considered a safe method, but may be less effective with an unfavourable Bishop score [14] . An eligible alternative is mechanical induction of labour using a balloon catheter (single or double balloon device). Although this method is widely used, available data on safety and effectiveness after labour induction is scarce [15] [16] [17] . Given that balloon catheters and oxytocin are valid options for labour induction in patients attempting VBAC and have lower uterine rupture risk [18] , we performed a retrospective cohort study to assess the safety and effectiveness of labour induction after CS using balloon catheters or oxytocin. Given that multiple factors may influence VBAC success, we aimed to determine single and multi-variant parameters in our cohort as well [19] .
Material and methods
We performed a retrospective cohort study at our tertiary referral centre at the University Hospital of Bern. We included all consecutive singleton pregnancies delivered between January 2003 and December 2014 who underwent VBAC and labour induction after 24 weeks of gestation. We excluded all pregnancies with lethal congenital anomalies and pregnancies with antepartum intrauterine fetal demise, as well as patients with additional surgical procedures that led to opening of the uterine cavity, such as myomectomy. Importantly, patients with spontaneous onset of labour were not taken into consideration. We performed labour induction either by using a transcervical balloon catheter for cervical ripening, or by administrating oxytocin, depending on the Bishop score and membrane rupture status. The Bishop score is an obstetric cervix scoring method assessing the following parameters on digital vaginal examination: cervical dilation, effacement, position and consistency, and fetal position. It is an accurate, cost-effective cervical evaluation method prior to induction of labour [20] . In patients with a Bishop score > 6 with intact membranes or with ruptured membranes, we used oxytocin. We administrated 5 IU oxytocin in 500 ml of a sodium chloride and glucose solution as follows: begin with 12 ml/h and increase the dosage every 15 minutes by 21ml/h until development of regular contractions or until reaching the maximum dosage of 120 ml/h, for maximum of 6 hours. In patients with a Bishop score <6 and intact membranes, we inserted the balloon catheter transcervically and inflated it with sterile 0.9% saline solution (60 ml in the single balloon Foley catheter and maximum 80 ml in each balloon of a double device Cook ® catheter). There was no traction applied on the catheter. The catheter remained in place until spontaneously expelled or until start of active labour. If neither happened, the catheter was removed after 24 hours and oxytocin was administered. If the cervix remained unfavourable after 6 hours of oxytocin infusion, induction was classified as unsuccessful and subsequently CS was performed. Artificial rupture of membranes (ARM) was performed whenever technically feasible and progressive cervical dilatation was missing. We performed ARM by using an amniotic membrane perforator. We are aware that other centres have different internal guidelines or use different techniques and protocols for the induction of labour after CS, so the results may have a limited external validity. The primary outcome of the study was successful vaginal delivery, either spontaneous or assisted. We defined assisted vaginal delivery as vaginal delivery using vacuum or forceps. Spontaneous and assisted delivery were also assessed as independent outcomes in the subsequent statistical analysis. Secondly, we evaluated the incidence of maternal and fetal adverse outcomes as well as the influence of maternal factors on the delivery mode. We assessed the following maternal data: maternal age, gestational age at the point of labour induction, parity, previous vaginal delivery, indications for labour induction and previous CS, and need for oxytocin infusion during labour. We assessed the following adverse maternal outcomes: intrapartum infection and postpartum haemorrhage, defined as a total blood loss of >500 ml in the case of vaginal delivery and a total blood loss of >1000 ml in the case of CS. In addition, we defined uterus rupture as the uterus content reaching the abdominal cavity. The uterine dehiscence ("incomplete" uterine rupture) was noted when the surgeon identified a thin or incomplete uterine rupture (absence of myometrium between the amniotic membrane and peritoneum). We assessed the following fetal outcomes: fetal weight, APGAR score after 5 minutes, arterial pH values and neonatal admission after birth. We divided the correlations into clinically significant and non-significant. Clinically non-significant correlations were defined as correlations having no impact on the decision process (induction of labour after CS). One example is the risk of "no perineal laceration", as this is not the primary goal of labour induction. Another example is the fetal weight. It is expected that the fetal weight is higher if we induce labour due to post-term pregnancy. The study was approved by the Ethics Committee of the Canton of Bern. To calculate the impact of the induction method on delivery mode, we used Fisher's exact test. To obtain a confidence interval for the true log-odds ratio, we calculated the log-odds ratio for 10,000 bootstrap replicates. To detect individual correlations (one-to-one correlations), both within the predictive variables and between the predictive and outcome variables, we fitted a simple generalised linear model (glm) for each variable pair, where one variable is the dependent and the other the independent. Notably, using glms allows assessment of correlations between both numerical and categorical variables. Each model obtained was compared using a χ 2 -test to a null model that only assumes a constant value for the dependent variable. The resulting p-value was corrected for multiple testing using the Benjamini-Hochberg method. Only correlation models with an adjusted p-value of 0.01 were retained. Finally, we used a compound model to determine which combinations of predictive variables gave the best prediction for each of the outcome variables. This analysis revealed more subtle correlations that were not selected by the one-to-one analysis. We accomplished this analysis by matching all models consisting of any combination of the predictive variables for each outcome variable. We used the glmulti package [21] to fit and evaluate all possible models. The performance of each model was evaluated using the corrected Akaike information criterion [22] . For each outcome variable, the best performing model was selected and a p-value was calculated by comparing it against a null-model, as described above. Evaluating each of the models using a p-value was necessary as there was no guarantee that the model with the best AICC score would perform better than the null model. The p-values obtained were again corrected using the Benjamini-Hochberg method and only the models with a corrected p-value of 0.01 were retained. The results were presented using network visualisation to obtain a comprehensive overview of all the correlations that were detected during this analysis.
Results

Patients' basic characteristics
We summarised the patients' basic characteristics in table 1. Given that the two patient groups investigated (induction using oxytocin or balloon catheter) are primarily defined by the Bishop score and membrane-rupture status, we detected differences between the two groups in terms of basic characteristics. For example, multiparous women were more common in the oxytocin group than in the catheter group. Birth weight was higher in the catheter group than in the oxytocin group, as the main indication for catheter induction was post-term pregnancy. Although a direct comparison between these groups is not possible, the safety and effectiveness of labour induction after CS can still be assessed.
Impact of the induction method on delivery mode
The main goal of our study was to determine the success rate of vaginal delivery after induction of labour (balloon catheter or oxytocin) in women with a scarred uterus. The secondary goal was to detect factors that may influence the delivery mode as well as multiple parameters relating to maternal and neonatal outcomes. As summarised in table 1, we detected a vaginal delivery success rate of 63.9% (46/72) in the oxytocin group, which is in line with previous reports [15, 19, 23] . In the catheter group, we detected a success rate of 45.8% (49/107), which was lower than expected [15, [23] [24] [25] . Maternal and fetal outcomes are summarised in table 1 as well. We detected uterine rupture of 0.9% (1/107) in the catheter and 1.4% (1/72) in the oxytocin group. The incomplete uterine rupture (uterine dehiscence) was 4.67% (5/107) in the catheter group and 5.55% (4/72) in the oxytocin group. Notably, neither of these observations was significant. The neonatal admission rate was 6.54% (7/107) in the catheter, and 13.88% (10/72), in the oxytocin group.
One-to-one correlations and delivery mode
To further dissect which factors contribute to the vaginal delivery success rate, we searched for one-to-one correlations. We detected several apparent and clinically not significant one-to-one correlations such as fetal weight and gestational age, or gestational age and post-term pregnancy (table 2 and fig. 1 solid lines) . Premature rupture of membranes (PROM) as an indication for labour induction correlated positively with oxytocin as an induction method as well. Importantly, we detected two clinically significant correlations: previous vaginal birth as a single predictive factor for vaginal delivery (independent of induction method) and induction method (oxytocin) as a negative predictive factor for neonatal admissions (see fig. 1 full lines). To further dissect which variables (multiple) predict vaginal birth success rate and impact on outcomes (neonatal and maternal), we used a compound model. Figure 2 (dashed lines) summarises all the detected and significant multiple correlations in our cohort. To understand the impact of the data on clinical practice, we divided it into clinically significant ( 
Multiple correlations and materno-fetal outcomes
Discussion
We report that, in our cohort, induction of labour with oxytocin seems to be a safe method. It also seems to be an effective method for women with previous CS and a po- tential alternative to repeated CS. We detected a VBAC success rate of 63.9% when oxytocin was used, which is in line with previous reports [15, 19, 23] . Further, induction with a balloon catheter seems to be safe as well, but associated with a lower vaginal delivery success rate of only 45.8%. However, almost half of our patients delivered vaginally. Depending on a patient's preference, this presents a valid basis for repeated CS. As many healthcare providers offer primary CS to patients with unfavourable Bishop scores, and increase the CS rate unnecessarily as a result, our study provides support that induction using oxytocin or balloon catheter is possible. We are aware that a direct comparison between the groups is limited due to different inclusion criteria. However, patients attempting VBAC need to be counselled about the advantages and disadvantages prior to labour induction. Often, the cervical ripening score is not available at the initial counselling time point, but all potential options and success rates need to be addressed. We are aware that other centres have different internal guidelines or use different techniques and protocols for the induction of labour after CS, so the results may have a limited external validity. An unexpected finding in our study was that the vaginal delivery success rate in the catheter group was lower compared to previous studies [23] [24] [25] [26] . Nevertheless, a recent study reported a vaginal delivery success rate after catheter induction in women with unfavourable cervix of approximately 50%, which is in line with our results [17] . These various success rates suggest that multiple factors need to be accounted for prior to labour induction. Factors that may impact on VBAC success rate are fetal weight, maternal age, indication for previous CS, or previous vaginal delivery [3, 27] . In our cohort, previous vaginal delivery had the biggest impact on vaginal delivery success rate ( fig. 1 : one-to-one correlation solid line and fig. 2 : multiple correlations dashed lines). This is in line with previous reports showing that previous vaginal delivery is the most important success predictor for VBAC success, whereas labour dystocia as a previous CS indication represent a negative prediction factor [28] . Interestingly, abnormal labour progression and labour dystocia as indications for previous CS did not impact the CS rate in our cohort, but rather increased assisted vaginal operative delivery rates ( fig. 1 and  table 3 ). We hypothesise that this may be due to different obstetric practices between institutions. Besides previous vaginal delivery, oxytocin as an induction method increases the likelihood of vaginal delivery as well. The question of whether oxytocin should be applied only to a favourable cervix is still unanswered, as a recent study reported a higher vaginal delivery success rate compared to catheter devices [17] . Additional prospective and multi-centre studies are necessary, especially as maternal morbidities such as uterus rupture after oxytocin use were reported [29] . The safety of both the mother and neonate is the main goal in patients attempting VBAC and labour induction. In our cohort, we observed a higher incidence of neonatal admissions after labour induction using oxytocin. However, (8/ 10) neonatal admissions were due to premature rupture of membranes (PROM), one due to fetal distress, and one due to trisomy 21 and fetal distress, which explains the differences. Notably, no long-term complications were noted. Together, the neonatal admission rate confirms the importance of proper equipped perinatal units when labour is induced after previous CS. It includes not only trained obste- tricians but the timely availability of a neonatologist at the unit as well.
The most severe maternal complication after labour induction on a scarred uterus is uterus rupture [27, [30] [31] [32] [33] . Given increasing awareness of uterine dehiscence and/or thin lower uterine segment after CS, we defined uterine rupture and uterine dehiscence according to current standards. Although our analyses did not detect any predicting factors associated with uterine rupture, there remains a controversial discussion about the incidence of uterus rupture after labour induction and spontaneous onset of birth [12, 18, [34] [35] [36] [37] [38] . There is always a small risk of uterine rupture when VBAC is attempted. The risk in the case of spontaneous labour onset is approximately 0.5-0.7%, and in the case of labour induction approximately 0.8% without prostaglandins and 2.7% with prostaglandins compared to repeat CS [12, 18] . Whether oxytocin or balloon catheter is the safest choice is still unanswered by the present study, mainly due to the rare occurrence of this event. In this regard, an important problem is that the definition of "thin uterine segment" or uterine dehiscence is not standardised. In our cohort, the incidence of uterine rupture was rare and comparable to previous studies [12, 13, 15, 19, 39] . However, thin uterine segment was noted to be more common (table 1) . We have to acknowledge that this study is not designed to detect these kinds of changes. Besides its retrospective design, the patient inclusion timeline is the main limitation of our study. For example, during the time investigated, we changed our internal guidelines from single to double-device catheter, which may bias the internal validity of our findings. Additionally, the number of patients induced using the double-balloon catheter was not large enough to detect differences between single and double balloon catheter devices. Studies comparing these two catheter devices are needed [40] . Further limitations arise due to the retrospective design of our study. For example, certain factors that may have influenced the VBAC success rate in our multivariate analysis were not present. These include body-mass index, ethnicity, and exact Bishop score after 24h catheter induction. On the other hand, the advantages of our study are the large total number of patients included, the exclusion of patients with spontaneous onset of labour, and the single and multi-variant assessment of factors contributing to VBAC success. Together, our study provides important information contributing to proper counselling of our patients. Together, prior to labour induction, patients need to be counselled extensively and included in the process of decision making. Again, as in case of vaginal delivery success rate, the patient population must be considered, and additional factors assessed. These include indication(s) of previous CS, previous vaginal birth, maternal age, or thickness of the lower uterine segment measured by ultrasound [9] . Importantly, patients need to be counselled not only about the risks of VBAC, but also about the CS related morbidities as well. These include infection, increased blood loss, intraoperative lesions [41, 42] , thromboembolic events, and abnormal placentation risk in following pregnancies [43, 44] .
